junctions are stabilized by microtubules rather than IFs.
). An association between plakins and feature characteristic of BPAG1 null animals and not seen in NF null mice. In fact, our double knockout microtubules is also implicated when microtubules are depolymerized in fibroblasts, causing disorganization of mice were indistinguishable phenotypically from BPAG1 knockout animals. These data unmask the existence of plectin and IFs (Seifert et al., 1992) . Conversely, after extracting actin from fibroblasts, microtubules and IFs an additional function for BPAG1 gene products that is independent of their ability to bind and anchor neuare interconnected by molecular cross bridges that label with antibodies against plectin (Svitkina et al., 1996) .
ronal IFs. The removal of the NF cytoskeleton from dorsal root Despite these tantalizing relationships, cultured plectin null fibroblasts display a seemingly normal microtuaxons of BPAG1/NF-L double knockout mice gave us the opportunity to examine the microtubule network in bule network (Andra et al., 1998), and BPAG1n1 has no obvious association with the microtubule network when the absence of NF aggregates. As shown in Figure 1C , microtubules of sensory axons from double null mice transiently expressed in foreign cells (Yang et al., 1996; Leung et al., 1999). Other questions arise from studies appeared short and disorganized, as in BPAG1 null mice ( Figure 1A) . Notably, axonal swellings still occurred that on dt/dt (BPAG1 null) mutant mice; while the microtubule network is perturbed in their sensory axons (Dalpe et were similar to those of BPAG1 null sensory axons except they lacked NF aggregates ( Figure 1C inset; Eyer al., 1998), these aberrations could easily be a secondary consequence of disrupting the neuronal IF cytoskeleton. et al., 1998). Only occasional IFs, perhaps peripherin filaments, were detected in these swellings. Thus, it remains unclear as to whether plakin connections to microtubules exist in vivo and whether they are NFs form the bulk of the axoplasm and play a role in determining axonal caliber (Fuchs and Cleveland, 1998) . physiologically relevant.
In this report, we show that perturbations in axonal When NFs were absent in either BPAG1/NF-L double null or NF-L DRGs, the density of axonal microtubules microtubules are directly due to the BPAG1 null condition and cannot be attributed to secondary consewas increased ( Figures 1C and 1D Figure 1AЈ ). The abnormalities in microtubule BPAG1 capable of interacting with microtubules, we screened a human fetal brain cDNA library with a cDNA organization, transport, and accompanying neurodegeneration are most striking for the large myelinated to a 5Ј coding segment of BPAG1n1. Seven overlapping cDNA clones were identified, the longest of which consensory axons of dorsal column and dorsal root ganglia (DRG). These features differ from wild-type sensory axtained 778 bp of a 5Ј novel sequence. To verify the existence of the mRNA encoding this ons, which align microtubules and IFs along the axon (Figures 1B and 1BЈ) .
isoform, we used RT-PCR with high-fidelity long-range polymerase to amplify an ‫8ف‬ kb fragment encompassing To determine whether these microtubule abnormalities arise secondarily as a consequence of neuronal IF a novel BPAG1n3 sequence and extending through the encoded coiled-coil rod shared among BPAG1 isoforms. aggregates, we bred our BPAG1 null mice (Guo et al., 1995) with NF-L null mice, which despite an absence This PCR band was not generated from DRG RNAs of To test directly whether the BPAG1n3 isoform is compromised in its ability to associate with actin, we transfected NIH 3T3 mouse fibroblasts, COS and MCF7 epithelial cells, and the SW13 cell line (lacking cytoplasmic IFs) with BPAG1 expression vectors encoding either CH2 alone or full ABD. Immunoblot analyses confirmed that the proteins were stably expressed and of expected size (not shown). Immunofluorescence revealed that CH2 on its own aggregated, displaying sometimes weak and other times no association with the actin cytoskele- posed to either 0ЊC or 2.5 g/ml colchicine, those that had been preincubated with BPAG1n3 M1 were noticeWe do not know whether the M1 domain is operative in BPAG1n1 or BPAG1n2. However, it is worth noting ably more stable, shifting from pellet to supernatant more slowly with time than unbound microtubules (Figthat in transiently transfected Figure 7A ). The BPAG1n3-spepurified bovine brain microtubules with GST-BPAG1n3 fusion protein encompassing the M1 domain. In the cific antibody showed strong labeling of neurites from both wild-type and NF-L null cultures, even after exabsence of microtubules, the BPAG1n3 fusion protein remained in the supernatant after centrifugation at tracting them with a nonionic detergent to remove watersoluble proteins ( Figure 7B ; NF-L null culture). 100,000 ϫ g ( Figure 6A ). In contrast, after addition of microtubules, most of the BPAG1n3 now pelleted with
We next examined the status of BPAG1 neural isoforms when microtubules were removed from the axonal them. This association was specific: in the analogous experiment with F-actin, the fusion protein remained in cytoskeleton. Since neuronal microtubules are resistant to cold and depolymerizing agents ( (Figures 7E-7H 
